The traditional way of evaluating the importance of predation in population biology has been to compare the distribution and abundance of prey in plots with and without predators. Techniques used for predator removal or exclusion depend primarily upon the size and mobility of the pred- should kill a high proportion of the predators without killing the prey, should not be phytotoxic or phytostimulatory, and should not enhance fecundity in the prey, as has been reported by Leigh & Wynholds (1980) .
In a review of the selective toxicity of pyrethroids to arthropod natural enemies and pests of agricultural crops, Croft & Whalon (1982) reported high toxicity and unfavorable selectivity to five species of phytoseiid mites in comparison with their prey. Two of the phytoseiid species were in the genus Amblyseius. In field trials, permethrin reduced the numerical response by Amblyseius fallacis Garman to prey, leading to spider mite outbreaks (Hislop & Prokopy 1981 
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Materials and Methods
Laboratory Bioassays. The most common pesticide bioassay technique for mites is the slide-dip method (SDM) (Busvine 1980) . Although the SDM is considered the approved method, several studies suggest that it underestimates field resistance (Hoy et al. 1979 , Dennehy et al. 1983 ). Because of this limitation, residual methods were used instead of the SDM.
For M . progresivus and T. urticae, laboratory bioassays were conducted with Ambush 50 (BASF), a commercial formulation of permethrin containing 500 g (AI)/liter. Leaf disks (1.6 cm diameter) were cut from 6-wk-old mite-free greenhousegrown cassava plants of MCol 113, a mite-susceptible clone. Disks were dipped for 5 s in freshly prepared permethrin solution. The concentrations tested were 0.0, 1. 875, 3.75, 7.5, 15.0, 30.0, and 60 .0 g (AI)/100 liters. Six disks per concentration were placed bottom side up in petri dishes lined with wet cotton and allowed to dry for 3 h at room temperature. Cotton was used to prevent shifting of the disks when the petri dishes were handled. If the cotton was too dry, the mites tended to wander off the disks and drown; therefore, the water level in the bottom of the dishes was checked frequently and maintained such that the disks just barely floated on the cotton/water matrix. Five gravid female mites were transferred to each disk with a camel's-hair brush from field-collected infested leaves. The use of gravid females was recommended by Roush & Hoy (1978) as a means of bioassay standardization. The petri dishes were held in a growth chamber at 27"C, 70% RH, and a 12:12 (L:D) photoperiod, and mortality was assessed after 24 h. Mite transfers and mortality evaluations were done under a stereoscope. Mites that did not move after being touched lightly with a camel'shair brush were considered dead. Date from assays run on several different days were pooled for probit analysis (SAS Institute 1985) .
A. limonicus could not be assayed successfully by the method employed for the phytophagous mite species because it tended to wander off the leaf disks and drown in the moist cotton regardless of the water level in the petri dish. Mesa's (1985) method for life-table studies of Phytoseiidae was adapted for the A. limonicus bioassays. Plastic vials (2 cm diameter, 2 cm high) were used to confine the mites. A filter-paper disk (2 cm) was placed in the bottom of each vial and moistened with distilled water. A treated leaf disk was placed over the filter paper and allowed to dry for 3 h before five field-collected adult female A. limonicus were introduced with a camel's-hair brush. The vials were sealed with plastic wrap and held at 27°C and 70% RH in a growth chamber with a 12:12 photoperiod. Six replicates were made at each concentration (0.0, 0.25, 0.5, 1.0, 2.0, 4.0, and 8.0 g [AI]/100 liters). Mortality was assessed after 24 h and data from two runs of the experiment were combined for probit analysis (SAS Institute 1985) .
Tests on 0. minuta were based on the method of Coats et al. (1979) . Pieces of filter paper were cut to 6.5 by 4.0 cm, impregnated with 0.5 ml of permethrin solution, and air-dried for 3 h before insertion into plastic vials (2 cm diameter, 6 cm high). The paper was rolled into a cylinder which was arranged snugly against the vial walls. Each vial was supplied with sugar (ca. 0.84 cm') and capped by a plastic lid with a central hole. The hole was stoppered with moist cotton. Ten fieldcollected beetles were introduced into each vial.
Mortality was assessed after 24 h for each of three replicates of six permethrin levels (0.0, 0.25, 0.5, 1.0, 2.0, and 4.0 g [AI]/100 liters). The growth chamber regime described for the mite species was used. The study was repeated three times and the data from all replicates at the same dosage level were pooled for probit analysis (SAS Institute 1985) .
Survivorship and fecundity of P. herreni were measured at 8.0 g (AI)/100 liters, the highest dosage expected to be used in field trials. To simulate field conditions, 36 5-wk-old potted plants of clone MCol22 were divided into two groups of 18 plants.
One group was sprayed until spray ran off, with permethrin solution. The control group was sprayed with water. The following day each plant was infested with four adult female P. herreni confined singly in clip cages on randomly selected leaves. M . progresivus abundance was estimated by examining 45 randomly selected leaves from the 15th node per subplot. Each leaf was examined directly in the field and scored for the presence or absence of M . progresivus. The data for each subplot were expressed as the proportion of leaves infested. Wilson et al. (1983) showed that tetranychid mites on cotton have a characteristic vertical frequency distribution within the plant. Since leaf location is known to affect mite abundance, only leaves from the 15th node were sampled as a means of standardizing the data collection.
Both predator and prey species were sampled twice before permethrin application was initiated.
Thereafter, applications were made every 15 d. A. limonicus was sampled ca. 7 d after each permethrin application. No data are available for P. herreni or 0. minuta because these species were not detected in the field.
Results and Discussion
Laboratory Bioassays. 0. minuta and A. limonicus were extremely susceptible to permethrin (Fig. l) , with LC,,'s well below the currently recommended range of field rates (1.2-12.0 g [AI]/ 100 liters [Roush & Hoy 19781) . Comparison of the LC,, confidence intervals indicates that M . progresivus is 32-to 58-fold more resistant to per- methrin than A. limonicus, and 12-to 21-fold more resistant than 0. minuta (Table 1 ). The highest dose tested for T . urticae (60.0 g [AI]/100 liters) killed only 30% of the exposed individuals, demonstrating the extreme resistance of T . urticae.
The difference in susceptibility to permethrin between predator and prey species is at least an order of magnitude. A dose of 2.0 g (AI)/100 liters would be expected to eliminate virtually all the predators without killing significant numbers of either prey species. The results predict that at higher concentrations, on the order of ca. 8.0 g (AI)/100 liters, some field mortality of M . progresivus might be expected. Based on these conclusions, concentrations of 0.0, 2.0 and 8.0 g (AI)/100 liters were chosen for field testing.
Adult female P. herreni exposed to concentrations of 8.0 and 16.0 g (AI)/100 liters were not significantly different in terms of survivorship 2 and 5 d after treatment with permethrin than their unexposed counterparts (Table 2) . No effect of permethrin on fecundity was measured at concentrations of either 8.0 or 16.0 g (AI)/100 liters (Table 3). However, an analysis of variance showed significant variation among plants within treatments in both experiments. Host-plant quality probably influences fecundity more than exposure to permethrin, and there is evidence that quality can vary among genetically similar plants as well as spatially within individual plants (Morrow & Fox 1980) . The results suggest that unless parasitization of P. herreni is affected, permethrin-induced outbreaks are not likely to occur. liters. Mite population density began to increase in the plots treated with 8.0 g (AI)/100 liters immediately after initiation of permethrin application (Table 4) . It was only in these plots that M . progresivus showed the pattern typical of a mite outbreak, with exponential growth, peaking, and crashing phases. Mite numbers in plots that received 2.0 g (AI)/100 liters were never significantly different from those in the control plots (Table 4), suggesting that field use of permethrin for predator exclusion may require a higher application rate than that predicted by laboratory assays. Throughout the period of biweekly permethrin applications, higher numbers of predators occurred in control plots than in treated plots (Table   5 ). Although a concentration of 2.0 g (AI)/100 liters nearly eliminated A . limonicus (Table 5 ) , M . progresivus levels remained low in plots receiving that rate (Table 4) . It is possible that the residual activity of permethrin diminishes sufficiently at low field rates, so that A . limonicus is able to reinvade from neighboring control plots and maintain M . progresivus at levels comparable with those in the control plots.
Although A . limonicus was nearly eliminated from the plots treated with 2.0 g (A1)/100 liters, Table 5 shows some survivorship. The number of A . limonicus in the 2.0-g treatment was not statistically different from the 8.0-g treatment, but the number of M . progresivus in the 8.0-g treatment increased to significantly higher levels than in the other treatments. An alternative explanation to reinvasion of A . limonicus from control plots is permethrin enhancement of M . progresivus fecundity.
Permethrin meets several of the criteria for use in predator exclusion studies. There is more than an order of magnitude of difference in susceptibility between the predators and prey of the cassava mite complex. This difference is measurable both in the laboratory and in the field. No effect of permethrin upon P . herreni survival or fecundity was measured at permethrin rates proposed for field use nor at twice the highest field rate.
However, there is some evidence that permethrin may enhance phytophagous mite reproduction. Possible permethrin side effects such as phytostimulation and enhanced fecundity are discussed in Braun et al. (1987) .
